INTRODUCTION {#sec1-1}
============

Sudden cardiac arrest (SCA) is the sudden cessation of cardiac activity leading to unresponsiveness in patients with or without cardiac disease. If corrective measures are not instituted rapidly, the outcome is fatal and is a common presentation in the ED. In the general population, the incidence of SCA ranges from 50 to 100/100,000 and accounts for 15%--20% of all deaths.\[[@ref1]\] In some studies, nearly one out of four patients presenting to the ED had an SCA.\[[@ref2]\] It has been established that success after cardiopulmonary resuscitation (CPR) is determined by various factors including patient characteristics, time of onset of basic and advanced life support, and continuing facilities.\[[@ref3]\] It has also been shown that in-hospital setting SCA and related CPR have better survival outcomes than out-of-hospital setting SCA (7.4%--27.0% vs. 2.0%--10.0%).\[[@ref4][@ref5][@ref6]\] Survival rates have been reported to be better in patients who have an initial arrest rhythm that is shockable and in those with a primary underlying disease of cardiac origin than noncardiac origin.\[[@ref7]\] However, most of the studies done on SCA are hospital-based studies; there are not many studies exploring the association between the causes and outcomes in India. Hence, this study was done with the largest cohort of SCAs in the ED of a large tertiary care hospital in India to describe the profile of cardiac arrest patients and the associated factors of outcome.

MATERIALS AND METHODS {#sec1-2}
=====================

This retrospective cohort study was carried out in the adult ED of a 2700-bedded medical college hospital in South India. The adult ED is equipped with 45 beds with an average of 200 adult patients per day including all trauma and adult emergencies, except patients with chest pain of cardiac origin, which is managed by a Chest Pain Unit under the Department of Cardiology. An SCA was defined as the absence of a pulse in an unconscious individual with no respiration or with agonal breaths only. A "code blue" alarm is triggered off for all SCAs in the ED. The resuscitation room consultant or senior registrar attends to immediately at all times of the day and heads the resuscitation team. The American Heart Association\'s Advanced Cardiac Life Support (ACLS) protocol is adhered to. All the ED consultants and registrars are ACLS certified, and most of the members of the team are basic life support (BLS) certified.

All adult patients \>18 years old who had an SCA and underwent CPR in the ED between August 2014 and July 2015 were included in the study. Patients who were brought and declared dead on arrival and those with a standing "do not resuscitate" order with prior consent were excluded from the study. A person was declared dead on arrival if there is no electrical activity of the heart and pupils are dilated or if there are signs of rigor mortis. The patients were identified using the cardiac arrest audit register maintained by the ED. A retrospective chart review was performed on all the above said patients using the hospital\'s electronic medical database. The following data were extracted: demographic details, first documented rhythm, duration and details of CPR, return of spontaneous circulation (ROSC), outcome in ED, in-hospital outcome, and the cerebral performance category (CPC) score before discharge from the hospital. The probable etiology of SCA was judged by the team leaders and the investigating team by analyzing the circumstances leading to the event and the patient\'s medical history. The predictors of sustained ROSC and predictors of mortality were analyzed.

Statistical methods {#sec2-1}
-------------------

The clinical research form was made based on the modified Utstein template. Data were analyzed using STATA 12.1 for Windows (StataCorp, College Station, Texas, USA) software. Mean (standard deviation) was calculated for the continuous variables, and *t*-test or Mann--Whitney test was used to test the significance. The categorical variables were expressed in proportion, and Chi-square test or Fisher\'s exact test was used to compare dichotomous variables. For all tests, a two-sided *P* = 0.05 or less was considered statistically significant. Factors determining sustainability of ROSC and mortality were analyzed by univariate analysis and their 95% confidence intervals (CIs) were calculated. The variables that were clinically relevant were considered for inclusion in the final multivariate models. Multivariable logistic regression analysis was performed using backward stepwise method. Predictability of the multivariate analysis model (goodness of fit) is 33%.

This study was approved by the Institutional Review Board of Christian Medical College, Vellore (IRB Min No: 9292; dated 21/01/2015), and patient confidentiality was maintained using unique identifiers and by password protected data entry software with restricted users.

RESULTS {#sec1-3}
=======

During the study period, a total of 60,261 patients attended the ED among who 559 patients were brought with signs of absent circulation. Details of 13 patients were not available because of missing charts or incomplete documentation. Two hundred and ninety-two patients were either declared as brought dead on arrival or had a standing "do not resuscitate" order with prior consent and hence were excluded from the analysis. The study cohort contained 254 patients who satisfied the inclusion criteria.

Baseline characteristics and details of cardiac arrest {#sec2-2}
------------------------------------------------------

The study revealed a predominantly male population (64.6%) among the recruited patients. The median age was 55 (interquartile range \[IQR\]: 42--64) years. Nearly one-third (31%) of the patients were \<45 years old. The number of SCA did not differ much between weekdays and weekends (0.72/day vs. 0.61/day; *P* = 0.27). There were more cardiac arrests during the morning shifts (40.6%) as compared to the evening (29.9%) or night (29.5%) shifts. Majority (88.9%) of the patients had at least one comorbid condition while 29.1% had two or more comorbidities. Diabetes mellitus (34.3%) and hypertension (32.7%) were the most common comorbidities \[[Table 1](#T1){ref-type="table"}\].

###### 

Baseline characteristics (*n*=254)
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Majority were in-hospital cardiac arrests (73.6%) with only 26.4% (67/254) being out-of-hospital cardiac arrests. Five of the 67 out-of-hospital cardiac arrests received bystander resuscitation before ED arrival. At arrival in the ED, 50.3% (128/254) of patients were found to be conscious. These patients had a cardiac arrest after ED arrival during the period of fluid resuscitation or airway, breathing, circulation stabilization. Most of the cardiac arrests were witnessed (96%), with medical personnel (73%) and relatives (23%) being the most common witnesses. The common presumed etiologies were noncardiac including sepsis, hypovolemia, hyperkalemia (48%), cardiac including ischemia, infarction, and congestive cardiac failure (21%), trauma (10%), respiratory (9%), poisonings (2%), and unknown causes (10%) \[[Figure 1](#F1){ref-type="fig"}\].

![Modified Utstein template](JETS-9-139-g002){#F1}

Details of cardiopulmonary resuscitation and outcome {#sec2-3}
----------------------------------------------------

The initial documented rhythm was pulseless electrical activity (PEA)/asystole in the majority (76%) of cases while shockable rhythms (pulseless ventricular tachycardia \[VT\]/ventricular fibrillation \[VF\]) were noted in only 8% (21/254) of cases \[[Figure 2](#F2){ref-type="fig"}\]. There was no observed initial rhythm in 16% (41/254) of cases. After CPR, ROSC was attained in 71% (181/254) of patients but was sustained for \>20 min in only 49.6% (126/254) of patients. Multivariate logistic regression analysis showed the total duration of CPR \>10 min (11; 95% CI: 4.47--28.88; *P* \< 0.0001) and intubation before ED arrival (9.25; 95% CI: 1.90--44.92; *P* = 0.006) to be independent predictors of an ill sustained ROSC \[[Table 2](#T2){ref-type="table"}\].

![Details of return of spontaneous circulation and outcome from emergency department and hospital](JETS-9-139-g003){#F2}

###### 

Univariate and multivariate analysis of factors associated with sustained return of spontaneous circulation (\>20 min)
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After initial CPR, 50% of the patients (126/254) survived the event; however, further 51 patients either died in the ED due to subsequent cardiac arrests or the relatives left against medical advice due to poor prognosis. A total of 75 patients (29.5%) were admitted to the medical or surgical intensive care units of our hospital after ED survival. The overall SCA survival to discharge from the hospital rate was 9.9%. At hospital discharge, CPC scores of 1, 2, 3, and 4 were seen in 6, 10, 8, and 1 patients, respectively. Univariate analysis showed age ≥65 years (8.14; 95% CI: 1.07--61.51; *P* = 0.04), total duration of CPR \>10 min (7.59; 95% CI: 2.74--21; *P* \< 0.0001), and ROSC attained time \>5 min (4.58; 95% CI: 1.92--10.89; *P* = 0.001) to be significant predictors of mortality. Male/female sex, intubation before the SCA, day of the week, out-of-hospital arrest, and presence of a shockable rhythm did not seem to have any significant correlation with mortality. Multivariate logistic regression analysis showed age ≥65 years (odds ratio \[OR\]: 12.33; 95% CI: 1.38--109.59; *P* = 0.02) and total duration of CPR \>10 min (OR: 5.42; 95% CI: 1.15--25.5; *P* = 0.03) to be independent predictors of mortality \[[Table 3](#T3){ref-type="table"}\].
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Univariate and multivariate analysis of factors associated with mortality

![](JETS-9-139-g005)

DISCUSSION {#sec1-4}
==========

SCA is one of the leading causes of mortality in the ED. Despite advances in resuscitation medicine, the survival rates are low even in developed countries. This is till date the largest study done in India on SCA in the ED aimed at assessing the outcome. The assessment of sudden cardiac deaths has always been difficult to accomplish as this is a dynamic event that occurs in the general population in an unpredictable manner. The most accepted definition is sudden and unexpected death within an hour of onset of symptom.\[[@ref8]\]

SCA is more common in the elderly as the risk factors increase with increasing age. The median age of 55 years (IQR: 42--64) in our study is a cause for concern as it is lesser than the average age reported in studies from Thailand, Middle East, and the West.\[[@ref4][@ref9][@ref10]\] Rajaram *et al*. in 1999 reported 52% of patients being below 60 years of age while our study showed that 62% of our patients were below the age of 60 and nearly a third were lesser than 45 years of age.\[[@ref6]\] This shows that SCA is increasingly becoming common in the middle age groups. The present day urban lifestyle with its contributing psychosocial factors along with factors such as low educational levels, greater alcohol consumption, obesity, and cigarette smoking has been implicated in the increased risk of SCA.\[[@ref11][@ref12]\] Hence, the need for early initiation of lifestyle modifications and early screening for risk factors for SCA.

In our study, 76% of patients had a nonshockable rhythm while only 8% had a shockable rhythm. Most previous studies have shown shockable rhythms to be the predominant initial rhythms during an SCA.\[[@ref12][@ref13]\] In our study, among survivors, 72% had a nonshockable rhythm compared to only 12% (3 patients) with a shockable rhythm. This is in contrast to many other studies where the majority of survivors had a shockable rhythm.\[[@ref2][@ref3][@ref4]\] Asystole/PEA is considered an agonal rhythm and has seldom been showed to be associated with a successful outcome as compared to VF/VT as the initial rhythm.\[[@ref7]\] The predominance of nonshockable rhythms in our study can be explained by the fact that in our study, only 21% of the patients had a presumed cardiac etiology. This is because most patients with chest pain are attended to by the chest pain unit directly and hence were not included in our study. In the studies that showed VF/VT as the predominant initial rhythm, cardiac etiology of SCA comprised 56%--80% of the cases.\[[@ref2][@ref6][@ref14]\]

Our ED SCA survival to hospital admission rate of 29.5% was slightly better than the survival rates described by Johnson *et al*. (26.2%) but much lesser compared to the rate described by Ozcan *et al*. (58.8%).\[[@ref2][@ref7]\] The overall survival to discharge rate in our study was 9.9% with survival rates varying from 11% for in-hospital cardiac arrests to 6% for out-of-hospital cardiac arrests. These results are consistent with findings of other studies where the in-hospital survival rates varied from 7.4% to 27.0% and out-of-hospital cardiac arrest survival rates varied from 2.0% to 10.0%.\[[@ref4][@ref5]\] Among in-hospital SCA, those occurring the coronary care unit or ED are expected to have better outcomes.\[[@ref7]\] What is of concern is the fact that despite significant advances in medical care, training, and technology, outcomes after CPR have not changed much in the last 3--4 decades, especially for SCA occurring in the hospital.\[[@ref11][@ref14]\]

Many factors are known to influence the outcome of CPR: age, prearrest hypotension, witnessed cardiopulmonary arrest, interval between resuscitation and arrest, early initiation of ACLS, including shock delivery, initial rhythm, intubation and vasopressor use, premorbidities such as sepsis, malignancy, diabetes mellitus, and renal disease.\[[@ref2][@ref3][@ref4][@ref15][@ref16]\] Our study showed age ≥65 years and longer duration of CPR to be significant predictors of mortality. In our study, intubation before SCA was associated with an ill sustained ROSC but has no association with mortality. Most of these patients were intubated elsewhere and referred to our hospital for further management. This may reflect the extremely poor prehospital transport service that exists in most parts of India.\[[@ref17][@ref18]\] Many ambulance services in India lack basic equipment for ventilation and availability of trained paramedical personnel is extremely rare and this may contribute to significant deterioration of the medical condition of the patients during transfer.\[[@ref17][@ref18]\] This may be the reason why early intubation and referral from other secondary hospitals did not seem to have any survival benefit in this group of patients.

The fact that only 7.4% (5/67) of the out-of-hospital cardiac arrests received bystander resuscitation before ED arrival also shows the lack of awareness and grossly inadequate training in BLS in the community. This is not a significant improvement from the 4.4% bystander resuscitation rate reported from India in 1999.\[[@ref6]\] This emphasizes the urgent need to initiate basic medical emergencies awareness programs in the society.

Limitations {#sec2-4}
-----------

A major limitation of this study is the retrospective study design. Missing or incomplete data (2.3%) were other limitations. The presence of a separate chest pain unit in our hospital resulted in some patients with SCA due to cardiac etiology being excluded from the analysis. The presumed etiology was determined based on the history and the immediate circumstances leading to the event and hence was mostly based on consensus between the investigators. In many cases, there was no investigation-proven or autopsy-proven diagnosis.

CONCLUSION {#sec1-5}
==========

SCA in the ED is being increasingly seen in a younger age group. Despite advances in resuscitation medicine, survival rates of both in-hospital and out-of-hospital SCA remain poor. There exists a great need for improving prehospital care, training in BLS in the community, and control of risk factors to decrease the incidence and improve the outcome of SCA.
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